The transvaginal bone anchored polypropylene sling (BAS) has proven to be a successful treatment for patients with SUI. However, there is limited data on long--term outcomes following BAS with polypropylene mesh. We report our series of patients who had at least 3 years of follow-up after placement of BAS. Materials and Methods: A retrospective review of prospectively collected data of patients undergoing BAS for stress urinary incontinence (SUI) with minimum 3 year follow-up was performed. Outcomes and complications were determined from annual mailed post--operative questionnaires. Results: 142 patients who had undergone BAS and had answered post-operative questionnaires at a minimum of 3 years were identified. Average follow-up was 58 months (range 36-97 months). The overall success rate was 71% with a dry rate of 27%. Complications occurred in 9% of patients, more commonly in patients without a history of anti-incontinence procedure. Conclusions: Although less commonly used, BAS with polypropylene mesh is associated with an acceptable success rate at long term follow-up but a low completely dry rate.
INTRODUCTION
As the data on retropubic slings has matured, transvaginal bone anchored slings (BAS) have fallen out of favor in the treatment of female stress urinary incontinence (SUI). BAS were mainly used for indications of intrinsic sphincter deficiency and in patients who had failed previous anti-incontinence procedures as a salvage procedure (1) . While they are effective (2) and associated with a minimal risk of complication (2) , the high cost of bone anchoring devices and reports of poor success (3) have likely contributed to the decreased usage of the BAS.
Success rates of BAS in the literature are extremely variable and range from 60.4 to 94% (2, 3) . Unfortunately, many previous studies report conglomerate results of different sling materials with bone anchors despite evidence that the biomechanical material properties, such as strength and host durability, differ substantially (4) . Furthermore, many of the reports on BAS are on sling materials that are not commonly used for pelvic surgery in the modern era, such as Dacron and Gore-Tex (5, 6) . Finally, in many of these reports long-term follow-up is lacking.
In our practice, we have shifted away from bone anchor slings and gone toward different modalities in the treatment of SUI. This is because of the long-term data on midurethral slings (7) as well as reports of high success rates with autologous fascial slings (8) . We do believe that bone anchored slings still have a role in the treatment of SUI, particularly in patients with a history of previous synthetic midurethral sling or in patients with poor quality autologous fascia. Despite the shift away from bone anchored slings, we continue to follow our patients treated for SUI with BAS. In this paper we present our long-term follow-up of patients with BAS using polypropylene mesh.
MATERIALS AND METHODS
We performed a cross-sectional analysis of an institutional, review board-approved, prospective database of patients with pelvic floor disorders seen at our institution. All women who underwent a BAS for SUI between 1998 and 2010 were included. These patients were evaluated pre-operatively with history, physical exam, urinalysis, cystoscopic evaluation, and video urodynamics. Women were excluded if they had less than three years of follow-up. Of note, patients undergoing concomitant surgeries for prolapse or hysterectomy and those with previous anti-incontinence procedures were not excluded. All patients underwent placement of a BAS with soft polypropylene mesh (Ethicon, Somerville, NJ). The procedure was done in the operating room under general or regional anesthesia and the technique has been previously described by our group (9) .
Questionnaires were used to assess patients at baseline and post-operatively. At the time of their initial visit patients were given a packet of preoperative questionnaires. This included the validated Urogenital Distress Inventory -Short Form (UDI-6) and the Incontinence Impact Questionnaire -Short Form (IIQ-7). Additionally, the Virginia Mason Incontinence Questionnaire (VMIQ) was included. The VMIQ is a non-validated questionnaire reviewing the following domains: type of incontinence, severity of incontinence, presence of pelvic pain, and fecal symptoms. Postoperatively, the patients were given the same packet of questionnaires, UDI-6, IIQ-7, VMIQ, as well as an additional questionnaire to evaluate change in symptoms, their satisfaction with the surgery, complications from surgery, and need for further surgeries.
Success was defined as less than one incontinent episode per week or a greater than 70% patient perceived improvement from baseline. Dry was defined as patient response on questionnaire. Descriptive statistics, Student's t-tests, and chi--squared analysis were performed as appropriate. P values less than 0.05 were considered significant. Odds ratios were also calculated.
RESULTS
A total of 325 patients underwent a BAS during the study period. Of these patients 105 did not provide consent to be followed with questionnaires for study purposes. Of the remaining 220 patient, 142 (65%) met our study inclusion criteria ( Table-1 ). The average follow-up was 58 months with a range of 36 to 97 months. Overall, the mean age of this group of patients was 64 years. The mean Valsalva leak point pressure (VLPP) was 47.7 cm of water, with a standard deviation of 25.5 cm of water. The mean body mass index (BMI) was 28.3 with a standard deviation of 4.4 and 104 (73%) patients had undergone at least one previous procedure for SUI. The success rate, defined as less than one incontinent episode during cough, sneeze, or physical activity per week or greater than 70% improvement from the baseline, was determined to be 71% from the most recent follow-up questionnaire. The overall dry rate was 27%. There were no statistically significant differences in age, gravidity, parity, BMI, VLPP, or history of previous surgeries between patients with successful procedures and patients with failed or non-successful procedures. BAS-related complications occurred in 13 out of 142 (9.15%) patients (Table-2 When comparing those patients who had undergone a previous anti-incontinence surgery to those who had not, we found no difference in age, BMI, VLPP, gravidity, parity, success, dry rate, or follow-up. Patients without history of anti--incontinence surgery were more likely to have a sling-related complication than those with a history of a previous anti-incontinence surgery (p = 0.044, Table-3) .
DISCUSSION
Many different surgical procedures have been used in the treatment of SUI over the last few decades, including BAS. Current practice has moved away from the BAS procedure due to the risk of osteomyelitis, the high cost of the bone anchoring device, and the higher rates of mesh exposure as compared to mid-urethral slings. Despite this trend, many patients have previously undergone this surgery and their long-term outcome in regards to efficacy and complications is still poorly defined. Here we demonstrate an overall success rate of 71% at a mean follow-up of 58 months in 142 patients who underwent a BAS procedure with off-the-shelf prolene mesh. The overall dry rate was much lower at 27%. Using the same definition, we previously reported a success rate of 73% and a dry rate of 30% at one year of follow--up (9). The similar success and dry rates at 1 year and 5 years of follow-up indicates a very durable effect of BAS on symptoms. Furthermore, the long-term success rates after BAS are comparable to those reported for midurethral slings (10) .
In reviewing our long-term data, we were unable to identify any patient factors, including age, body mass index, presence of urinary urge or urgency incontinence, or Valsalva leak point pressure, that were associated with outcome. However, patients with poor surgical outcomes were on average 5 years older than patients with successful outcomes. Although not statistically significant (p = 0.2), this trend is supported in the sling literature, with reports of lower success rates in older patients (11) . The overall complication rate in this cohort of patients was 9.1%, with a rate of vaginal exposure / extrusion of 3.5% or 5 of 142 patients. The total number of complications and vaginal exposures reported here is likely lower than the true number because we excluded all patients with less than 3 years of follow-up and follow--up questionnaires are unlikely to capture patients with asymptomatic mesh exposure. Of note, there were no cases of osteomyelitis, which is an infrequent, but debilitating, potential complication of this surgery (12) . Furthermore, patients were significantly more likely to have complications if this was their first anti-incontinence surgery.
While it is not entirely clear why we found that patients with no history of previous anti-incontinence surgery had a higher rate of complications, it is likely due to several factors. As a referral center it is uncommon for our practice to treat uncomplicated patients. Most of our patients have undergone previous anti-incontinence procedures and those patients that have not often display co-morbidities or disease states that make undergoing operative procedures potentially more risky, such as morbid obesity and a history of pelvic radiation. Therefore, patients seen at our practice that have no history of previous anti-incontinence surgery may be more likely to have confounding risk factors, possibly contributing to the increased prevalence of complications. We also speculate that the lower rate of complications, such as mesh extrusion, in patients with previous surgeries may be attributed to protection produced by scar tissue or thicker vaginal flaps due to previous surgeries.
One weakness of this paper and the literature on SUI is that it is difficult to compare definitions of success among different reports on urinary incontinence. There is no consensus in the field on how to define success after an anti-incontinence procedure. While we have been consistent with our definition of success across all publications from out institution, there are a myriad of definitions for success in the treatment of SUI and the success rate is complicated by the fact that it is completely determined by the patient. For example, a patient may be too embarrassed to admit that their surgery was unsuccessful, or a patient may not report small amounts of leakage. These factors prohibit effective comparisons among different groups analyzing the same treatment for the same disease. Another limitation of our paper is our follow-up rate. Of all patients who consented to follow-up, we had 65% of patients complete a minimum of 3 year follow-up. The outcome of patients lost to long-term follow-up is unknown. Another reason for patient loss is the inherent difficulty with mailed questionnaires, the fact that patients may not return them. An option would be to schedule all patients for follow-up in clinic, but this is not always medically necessary and is an unfair burden on the patient's time and resources. All this being said, a 65% response rate is in line with the other questionnaire based studies (13) (14) (15) . An important strength of our study, when compared to others on BAS that often include multiple types of sling materials, is that we have assessed the durability, success, and outcomes of only polypropylene mesh slings. The data presented here is not an aggregate of different materials with different properties. Another strength is that we report long-term outcomes for this specific anti-incontinence procedure, data that is lacking in the literature.
CONCLUSIONS
Our study, which followed 142 patients for an average of 58 months, reveals a reasonable success rate for BAS. However, the cost of the bone anchoring device, better results with autologous fascial sling, and available long-term results from retropubic sling have limited the role of BAS in the treatment of SUI.
